found., A tentative explanation for this change from one product microstructure to another with temperature is advanced.
INTRODUCTION AND PREVIOUS INVESTIGATIONS
The processing of silicon within the semiconductor industry is facilitated by the ease with which an insulating oxide layer may be grown on single crystal silicon. This is in contrast to the case of gallium arsenide where oxide layers of' the desired properties have proven elusive; presently deposited layers of SiN and/or 510 2 are used in processing GaAs.
The present study has used an environmental cell located within a transmission electron microscope to observe, in-situ, the nucleation, growth and microstructure of oxide fil!lls formed on GaAs. While several investigations of the oxidation of GaAs have been described ( [1] [2] [3] [4] [5] [6] [7] [8] [9] , none have made use of the in-situ technique. Bull and Sealy (4) performed an ex-situ study of the morphology of the oxide. An unidentified amorphous phase was produced at temperatures below 500°C. At temperatures above 500°C, crystalline S-Ga 2 o 3 was produced. Grunthaner, et al. (5) found that oxidation of GaAs produced (9) have examined the~ steam oxidation of GaAs.
EXPERIMENTAL. APPARATUS AND PROCEDURE
All microscopy was done in the Hitachi 6SOkV transmission electron microscope at Lawrence Berkeley Laboratory. The microscope was equipped with a Gatan environmental "cell" and a heating stage. The heating stage was equipped with a thermocouple; prior work on the cell has revealed a temperature error of approximately +10°C in the temperature range of this investigation. Gas was fed to the cell via a delivery system incorporating a pressure regulator, flowmeter, needle valve and pressure gauge. Gas exits the cell via the 100 m apertures of the environmental cell into the "differential" pumping system that prevents a rise in column pressure.
Experiments were carried out at pressures below 50 torr; gas flow rates ranged from 25 cm3/min to 48 cm3/min (at STP). The side loading environmental cell permits specimen tilting about one axis only, which prevents the ready J identification of structural defects.
The GaAs specimens were from wafers supplied by Hewlett-Packard. Two types of n-type wafers were supplied, one Si doped (5 x 10 1 7 atomslom3), the other Te doped (5.3 x 10 1 7 atoms/cm3); the former had a near (100) orientatiCil, tilted 4° towards (110) whUe the latter was (100) tilted 2o towards (110). Both were from liquid encapsulated Czochralski ingots.
Specimens were out from the wafers and first thinned by polishing on emery paper, then using 6 and 1 )Jm diamond paste. Further thinning and cleaning was done by 15 minute immersion in a 1S Br-methanol bath. Following this the specimens were mounted on standard microscope grids and ion milled.
The oxygen was used directly from a cylinder with no attempt at drying.
RESULTS AND DISCUSSION
Little or no reaction was observed ~en GaAs (Si doped) was held at 200°C under 50 torr of oxygen for five hours. Slight changes in the appearance of the sample were observable but this may have been due to contamination resulting from this long exposure. Before and after exposure, the electron diffraction pattern was that of single crystal Ga.As. A second specimen exposed at 280°C to 40 torr of oxygen for 2-1/4 hours also showed little or no reaction. minutes). Reaction at 600°C was morphologically similar but observed to be two to three times as fast (Fig. 7) .
The in-situ technique is a particularly appealing technique for the study of microstructural aspects of gas-solid reactions. In contrast to ex-situ studies, the technique reveals the microstructural effects under conditions of reaction without the possibility that the microstructure is altered by heating/cooling or transfer back and forth between a reaction chamber and c microscope. A criticism to which the technique is susceptible is that the electron beam may have an innuence on the reaction, for example by local heating of the specimen. In the present study, areas not illuminated by the beam before or during reaction were examined subsequent to reaction and compared to areas that had been illuminated. To the extent that any difference could be discerned it was thought that reaction proceeded more slowly in the ill Ll!linated areas.
For the higher temperature oxidations reported above, nucleation of the lower rates for transformation to a crystalline phase, may favor an amorphous
producto The second hypothesis was tested by growing an amorphous layer on GaAs (Si doped) at 320°C and then exposing the specimen to 44 torr of oxygen at 450°C; again no polycrystalline oxide was formed and little or no further oxidation was observed. It appears that this result is more consistent with the second hypothesis than the first.
cmtCLUS IONS
In-situ oxidation studies at the TEM have shown that oxidation of doped
GaAs becomes significant at temperatures of 320°C when exposed to a few tens of torr of oxygene Amorphous reaction products were formed at this temperature and at 380°C. Reference to a company or product name does not imply approval or recommendation of the product by the University of California or the U.S. Department of Energy to the exclusion of others that may be suitable. 
